symptomatic or there was evidence of tumor growth on follow-up imaging. The patients were evaluated with Gdenhanced MRI in the postoperative period to assess the extent of resection. Gross-total resection was defined as Simpson Grade I or II removal confirmed by postoperative Gd-enhanced MRI. Follow-up data were available for all but 1 patient with DSM. Overall neurological outcome was measured according to the Glasgow Outcome Scale (GOS) rating at the most recent follow-up visit. Follow-up data of more than 6 months was available for 23 patients (95.8%) with TSM and 3 (50%) with DSM. We stratified the operative complications based on the origin of meningiomas, operative approach, and size of the meningiomas to look for any trends. Statistical analysis was performed with the SPSS software (version 21, IBM Inc.). Spearman correlation coefficients were calculated when necessary. Probability values less than 0.05 were considered statistically significant.
Surgical Approach
Most of the tumors in our series were resected via the standard pterional approach. The side of craniotomy depended upon the degree of visual deficit in both eyes and eccentric location or extension of the tumor. When the tumor was located in the midline, it was approached from the nondominant side. An anterior interhemispheric approach was used in 3 cases due to the more anterior and bilateral extension of the tumor. In our experience the pterional approach provides adequate exposure to most of the tumors located in the suprasellar region, and both transsylvian and lateral subfrontal routes may be used in accessing and dissecting the tumor. However, the lateral supraorbital approach may be suitable for small tumors and the anterior interhemispheric approach may be suitable for large tumors with bilateral and anterior extension. The advantages of the pterional approach over the other 2 approaches is that the CSF can be released from various cisterns causing brain relaxation, and the olfactory tracts can be preserved.
Management of the Optic Apparatus. Dissection of the tumor from the optic apparatus is an important step in the resection of TSM and DSM. Prior to surgery, displacement of the optic apparatus should be studied on T1-weighted MRI. Depending upon whether the optic chiasm is prefixed, normally located, or postfixed, the tumor may displace the chiasm superiorly, posterior and superior, or posteriorly, respectively. The sylvian fissure was split widely and the cisterns opened to release the CSF and relax the brain. Following this procedure, the first step is identification of the ipsilateral optic nerve. The tumor is slowly dissected from the optic nerve with movements away from the nerve. The nerve may be thinned out and draped over the tumor along its superior surface. Care should be taken to develop an arachnoid plane around the tumor and avoid the use of cautery when dissecting close to the nerve so as to preserve its vascular supply. On the superior surface, the optic chiasm receives its blood supply from the pial plexus formed by the branches of anterior cerebral arteries and ACoAs, whereas on the inferior surface the branches of the superior hypophyseal artery supply the chiasm.
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The tumor is then devascularized from its attachment to the tuberculum sellae or the diaphragma sellae. If the tumor is too large to get to its attachment, partial piecemeal decompression may be done to obtain some space. The opposite optic nerve may be displaced superiorly or posteriorly, and the tumor should always be pulled away (inferiorly and medially) from the nerve within the arachnoid plane. Figure 1 illustrates a TSM and DSM and their displacement of the optic apparatus and vascular structures.
In patients with tumor extending into the optic canal, the optic canal is deroofed and opened by approximately 3-5 mm, and the tumor is dissected away from the nerve. The falciform ligament may also be cut to release the tension on the optic nerve. Additionally, anterior clinoidectomy may be performed to decompress the optic nerve and allow for dissection of the tumor from the nerve. We performed intradural anterior clinoidectomy in 2 patients in whom the tumor was extending into the optic canal. We advocate decompression of the nerves and maximal safe resection of the tumor as the goal of surgery, instead of radical resection at the cost of injuring the nerves.
Management of Vascular Structures.
In addition to preservation and minimizing manipulation of the optic apparatus, preservation of vascular structures is paramount to successful resection. The ipsilateral ICA should be identified at the same time that the optic nerve is identified. The ACoA complex is located superior to the optic chiasm and is not usually involved by the tumor. However, the superior hypophyseal artery and the various perforators supplying the optic apparatus and the pituitary gland are located in close proximity to the tumor and should be identified and preserved. It is useful to assume that every vessel supplies normal structures unless the vessel enters the tumor, to avoid inadvertent sacrifice of vessels supplying normal brain. Again, dissection within the arachnoid plane of the tumor helps to preserve the normal vasculature. The tumor may be accessed through the caroticooptic and interoptic corridors. In DSMs the tumor is located under the chiasm and it is in these tumors that preservation of branches of the superior hypophyseal artery may be difficult. 
Management of the Pituitary Stalk.
Identification and preservation of the pituitary stalk is important not only to prevent immediate postoperative electrolyte disturbances but also to prevent long-term morbidity. Depending upon the origin of the tumor, the pituitary stalk may be displaced anteriorly or posteriorly or not displaced at all.
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Stalk displacement and hormonal disturbances are more common in DSMs. The superior and inferior hypophyseal arteries supply the pituitary gland and the tumor should be dissected from the perforators to preserve gland function. Identification of the pituitary stalk comes later during surgery after identification of the neural and vascular structures.
Results
A total of 24 patients with TSM and 6 patients with DSM underwent resection. Seventy percent of the tumors (n = 21) were large in size (maximum dimension > 5 cm), 20% (n = 6) were between 3 and 5 cm, and 10% (n = 3) were small in size (< 3 cm). Optic canal involvement was observed in 4 patients (13.3%). Twenty-one tumors (70%) were at least 5 cm. Gross-total excision was achieved in 22 patients (91.6%) with TSM and 5 (83.3%) with DSM. In 3 patients a small residue had to be left behind because of severe adherence of the tumor to the optic nerves due to prior surgery in 1 patient and optic canal involvement in the other 2 patients.
A total of 21 patients (70%) had visual dysfunction before surgery in the form of diminished visual acuity and visual field deficit. Following surgery, improvement was noted in 9 patients (42.9%). In 5 patients (23.8%), no change was noted. In 7 patients (33.3%) there was deterioration in vision following surgery (Table 1) . Only 3 patients with normal preoperative vision developed newonset transient visual deterioration after surgery, which improved completely at discharge. Overall, at follow-up (median 18 months), visual improvement was noted in 10 (47.6%) of the 21 patients with diminished vision. On univariate analysis, large tumor size (> 5 cm) and optic canal involvement were significantly associated with visual deterioration (p = 0.01 and 0.007, respectively).
At last follow-up, 28 patients (93.3%) had a GOS score of 5. There were no deaths in our series. Transient electrolyte disturbances were observed in 3 patients, all with DSMs. One patient with TSM developed a superficial operative site infection that responded well to antibiotic therapy. Recurrence of tumor was observed in 2 patients with TSM and none with DSM. Both patients underwent Gamma Knife surgery to the recurrent tumor with good control at last follow-up. Figures 2 and 3 show some preoperative, intraoperative, and postoperative images of patients with TSMs.
Discussion
In 1927, Holmes and Sargent 24 described the chiasmal syndrome, a primary optic atrophy with bitemporal field defects in adult patients with normal sellae, which has been the characteristic presentation of these tumors. Often, the first manifestation of optic chiasmal compression is a bilateral superotemporal field defect. The temporal sequence of the manifestations of chiasmal syndrome, however, depends upon whether the chiasm is prefixed, normally located, or postfixed; for example, in a postfixed chiasm, the nasal fibers of the optic nerves are the first to be affected, leading to a bitemporal field defect. Irritation of the undersurface of the frontal lobes may lead to seizures in the patient. Large tumors may rarely lead to increased intracranial tension and obstructive hydrocephalus. Cushing and Eisenhardt published their seminal work in the book Meningiomas in 1938.
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Since then, many authors have used the term "suprasellar meningioma" loosely to describe these tumors. 20, 22, 26, 42 In 1995, Kinjo et al. classified DSMs into 3 types: 1) Type A, arising from the upper leaf of the diaphragma sellae anterior to the pituitary stalk; 2) Type B, arising from the upper leaf of the diaphragm sellae posterior to the pituitary stalk; and 3) Type C, arising from the inferior leaf of the diaphragm sellae. 31 Type C tumors involve the sella and cause enlargement, mimicking a pituitary adenoma.
The surgical approach for TSMs and DSMs depends on multiple factors, such as tumor location, tumor size, overall neurological status, side of visual dysfunction, and surgeon preference. The most common surgical approaches described for these tumors are pterional, subfrontal, or a variant of these two. Sekhar et al. 43 describe the extended frontal approaches to anterior skull base tumors. This approach is a modification of the transbasal approach of Derome with the addition of bilateral orbitofrontal or orbitofrontoethmoidal osteotomies tailored to improve the exposure of midline lesions, while mini- proposed a transcranial transsphenoidal approach for approaching TSMs. This, again, is a variant of the transbasal approach of Derome that allows better exposure of tumor inferomedially to the optic nerves. Other approaches previously described include the frontal sinus approach to olfactory groove meningiomas 21 and the orbital roof craniotomy via an eyebrow incision. 28 In our experience, the pterional and anterior interhemispheric approaches were the main "workhorse" approaches; adjunctive skull base techniques may be used occasionally.
Preservation of optic function is an important aspect during surgery for TSMs and DSMs. The various factors to be considered while selecting the right surgical approach are the degree of visual deficits in both eyes, extension of the tumor, and involvement of the optic canal. The most difficult structure to identify during surgery is the ipsilateral optic nerve, and thus it has been advocated that the tumor be approached from the side on which the visual function is worse.
3,30 A pitfall in this approach would be that the optic nerve may be extremely thinned out and appear pale on the side on which the visual function is worse. Hence, care should be taken while trying to identify the optic nerve. If the tumor is large, we advocate that the tumor be partially decompressed after identifying the optic nerve so that it becomes easy to dissect around the optic nerve. Use of Gelfoam (Pfizer) and Surgicel (Ethicon, Inc.) instead of thermal cautery is preferred while dissecting around the optic nerve to prevent thermal damage. We also advocate early dissection of the tumor around the optic nerve to decompress the nerve. Tumors extending into the optic canal present a formidable challenge to the surgeon. The goal of surgery in these cases should be to decompress the optic nerve and resect as much of the tumor as possible. The various techniques of decompressing the nerve include optic canal deroofing, cutting the falciform ligament, and anterior clinoidectomy. 34, 41 Both extradural and intradural clinoidectomy have been described in the decompression of the optic nerve. We prefer intradural clinoidectomy as it allows the surgeon to directly visualize the optic nerve and the tumor and have control over the area of bone being drilled and the ICA. Adequate irrigation during drilling is the key to minimizing thermal injury to the surrounding structures. In our experience, optic canal extension was found in 4 patients (13.3%). In 2 patients, intradural clinoidectomy was performed in addition to deroofing the optic canal. On retrospective observation, of the 3 patients with normal preoperative visual function and who experienced transient visual deterioration in the postoperative period, adequate decompression of the tumor was probably not achieved before the dissection of the tumor from the optic nerve in 2 patients, thus causing excessive traction and ischemia of the optic nerves. In the third case, the reason for transient visual deterioration was unclear.
Encasement of vascular structures is another consideration during surgery. The ICA may be partially or completely encased. Preoperative T2-weighted MRI provides a clue to the degree of encasement or displacement of the artery. The ipsilateral ICA should be identified early in the surgery and care should be taken while dissecting the tumor off its medial surface, as most of the perforators arise from the medial and posterior surface of the artery. In most instances, despite the close relation of the tumor to the artery, there is a clearly defined arachnoid plane in between, which helps to dissect the tumor away. Use of a Cavitron ultrasonic aspirator helps to shave off the bulk of the tumor before dissecting the tumor from the artery. The ACoA complex lies superiorly to the tumor in most cases and may be in close proximity in large tumors. In our series, the ICA was partially encased in 9 cases (30%) and completely encased in 2 cases (6.6%). Over the years, the senior author has observed that identification of neurovascular structures early during surgery, avoidance of electrocautery while dissecting near the neurovascular structures, adequate decompression of the tumor before dissecting it off the optic nerves, and optimal use of the Cavitron ultrasonic aspirator are the key steps during surgery to achieve a superior outcome.
Diaphragma sellae meningiomas have a close relationship to the pituitary stalk. These tumors are more often associated with endocrine dysfunction and electrolyte abnormalities due to compression of the pituitary stalk. In most cases the stalk regains its normal function following resection. The stalk appears whitish when compared to the tumor and should be located early during surgery and preserved. Type C DSMs involving the sella often mimic pituitary adenomas. Bright enhancing sellar tumor on Gd-enhanced MRI should alert the physician to suspect a meningioma.
With the advent of keyhole and endoscopic approaches, an increasing number of TSMs are undergoing resection using these approaches. 7, 9, 12, 17, 19, 27, 29, 33 The endoscopic approaches are suitable for small-and medium-sized tumors located in the midline without involvement of the vascular structures and without significant superior or lateral extension. A significant extension of the tumor into the optic canal and laterally are contraindications to the endoscopic approaches. In a comparative study of the open and endoscopic approaches for the management of TSM, there was no significant difference in the quality of life of patients who underwent tumor resection using the open or endoscopic approaches. However, endoscopy had a higher CSF leak rate (26.8% vs 3.5%, p < 0.001) but a lower rate of injury to the optic apparatus (1.4% vs 9.2%, p < 0.001) compared with a craniotomy. The 3-year tumor recurrence rates were not statistically different (p = 0.529). 14, 15 Similarly, in another comparative study, open surgical approaches were associated with higher rates of gross-total resection (GTR) as compared with endoscopic approaches (p < 0.05) for both olfactory groove meningioma and TSM. 32 However, with the introduction of newer techniques such as nasoseptal flap, multilayer closure ("gasket seal") to achieve < 5% postoperative CSF leak, endoscopic endonasal approaches have come to be an alternative for midline ventral tumors with reduced morbidity.
Stereotactic radiosurgery is an effective method of controlling the growth of small-to medium-sized meningiomas of the anterior skull base. However, a more rapid improvement in endocrine function and visual disturbances is often achieved with microsurgical excision. 37 In fractionated stereotactic radiotherapy, the radiation dose is delivered in fractions over a time. It is believed that fractional delivery of radiation allows the normal tissue to repair between the fractionated doses.
13 Various authors have successfully used fractionated radiotherapy either by stereotactic delivery or external beam therapy. 4, 5, 10, 23, 35, [38] [39] [40] [44] [45] [46] The incidence of visual deterioration following fractionated stereotactic radiotherapy in one study was 3%.
39

Conclusions
Tuberculum sellae meningiomas and DSMs present a unique subset of tumors due to their location. They can be safely excised with minimal morbidity and mortality using microsurgical techniques. Attention to technical details during surgery leads to greater resectability and superior visual outcome.
